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Objectives: To determine the frequency of systolic impairment (SI) and its impact on the natural history of
hypertrophic cardiomyopathy (HCM).
Methods: 1080 patients (mean (SD) age 43 (15) years, 660 men) with HCM were evaluated. Initial
assessment included history, examination, 48 hour Holter monitoring, cardiopulmonary exercise testing,
and echocardiography; SI was defined as a fractional shortening (FS) ( 25%. Survival data were
collected at clinic visits or by direct communication with patients and their general practitioners. The results
of serial echocardiography in 462 patients with normal FS at presentation are also reported.
Results: 26 (2.4%) patients (49 (14) years, 18 men) had SI at the initial visit. During follow up (58 (49)
months), nine (34.6%) died or underwent cardiac transplantation compared with 108 (10.2%) patients
with normal FS (p = 0.01). Five year survival from death (any cause) or transplantation was 90.1% (95%
confidence interval (CI) 87.8 to 92.4) in patients with normal systolic function versus 52.4% (95% CI 25.2
to 79.6, p , 0.0001) in patients with SI. In patients who underwent serial echocardiography, 22 (4.8%,
aged 41 (15) years) developed SI over 66 (40) months; the annual incidence of SI was 0.87% (95% CI
0.54 to 1.31). On initial evaluation patients who developed SI had a higher frequency of syncope (67
(15.2%) v 10 (45.5%) of those who did not develop SI, p = 0.001), non-sustained ventricular tachycardia
(91 (20.6%) v 11 (50%), p = 0.002), and an abnormal blood pressure response on exercise (131
(29.7%) v 15 (68.2%), p = 0.001). Patients with SI had greater wall thinning (p = 0.001), left ventricular
cavity enlargement (p , 0.0005), and deterioration in New York Heart Association functional class
(p = 0.001) during follow up. Thirteen (59.1%) patients who progressed to SI died or underwent
transplantation compared with 38 (8.6%) patients who maintained normal systolic function.
Conclusions: SI is an infrequent complication of HCM but, when present, is associated with a poor
prognosis.

A
lthough it is well recognised that some patients with
hypertrophic cardiomyopathy (HCM) progress to an
end stage or ‘‘burnout’’ phase resembling dilated

cardiomyopathy, the incidence and prevalence of systolic
dysfunction and its clinical consequences remain uncertain.1–
4 The objectives of this study were to determine the frequency
of systolic impairment (SI) in a large consecutively referred
population of patients with HCM and to evaluate its impact
on the natural history of the disease.

METHODS
Patients
The study cohort comprised 1080 consecutively referred adult
patients (> 16 years of age, mean age 43 (15) years, male to
female ratio 660:420, from 892 families) assessed at St
George’s Hospital, London, between 1988 and 2002. The
diagnosis of HCM was based on the echocardiographic
evidence of left ventricular hypertrophy more than 2 SD for
age and sex or in accordance with criteria for the diagnosis of
familial disease in patients with at least one first degree
relative who has an unequivocal diagnosis.5 6 Patients with
other cardiac or systemic diseases that can produce hyper-
trophy were excluded.

Clinical evaluation
Initial evaluation included history, clinical examination, 12
lead ECG, echocardiography, 48 hour ambulatory Holter
analysis, and symptom limited cardiopulmonary exercise
testing with measurement of blood pressure response. All
patients underwent risk stratification in accordance with

published protocols.7 8 Non-sustained ventricular tachycardia
(defined as one or more runs of three or more consecutive
ventricular extrasystoles at a rate of more than 120 beats/
min, lasting for less than 30 seconds), abnormal blood
pressure response during upright exercise (failure of systolic
blood pressure to rise by more than 25 mm Hg from baseline
values or a fall of more than 10 mm Hg from the maximum
blood pressure during upright exercise in patients under the
age of 40 years), family history of sudden cardiac death,
severe left ventricular hypertrophy (maximum left ventricu-
lar wall thickness (MLVWT) > 30 mm), and a history of
unexplained syncope were considered risk markers for
sudden cardiac death.7 8 Survival data and clinical status
were collected at subsequent clinic visits for patients followed
up at this institution and by direct communication with
patients and their general practitioners when followed up
elsewhere.
Seven hundred and forty four (69%) of the 1080 patients

underwent serial echocardiography at least one year apart at
St George’s Hospital to study changes in systolic function
over time. Patients with SI at first evaluation (n = 26),
patients who underwent myectomy (n = 21), alcohol septal
ablation (n = 14), or mitral valve replacement (n = 5), and
patients who had less than 12 months of follow up

Abbreviations: CI, confidence interval; FS, fractional shortening; HCM,
hypertrophic cardiomyopathy; ICD, implantable cardioverter-
defibrillator; LVEDD, left ventricular end diastolic diameter; LVESD, left
ventricular end systolic diameter; LVOTG, left ventricular outflow tract
gradient; MLVWT, maximum left ventricular wall thickness; NYHA, New
York Heart Association; SI, systolic impairment
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(n = 183) or where follow up videos were unobtainable
(n = 23) were excluded. Patients with typical angina or risk
factors for coronary artery disease during the course of follow
up underwent coronary arteriography and 10 patients with
coronary disease were also subsequently excluded. The
results of the remaining 462 patients (mean (SD) age 41
(14) years, male to female ratio 290:172) are reported.

Echocardiography
Echocardiography was performed with an Acuson 128 XP/10
(Mountain View, California, USA), GE Vingmed system V
(GE Ultrasound Europe, Horten, Norway), or a Hewlett
Packard Sonos 1000 (Hewlett Packard, Andover,
Massachusetts, USA). Standard views for M mode and two
dimensional studies were obtained. Left ventricular end
diastolic (LVEDD) and left ventricular end systolic diameters
(LVESD) were measured from two dimensional and M mode
images obtained from parasternal long axis views. Fractional
shortening (FS) was calculated by the formula
((LVEDD 2 LVESD)/LVEDD) 6 100 and SI was defined as
FS ( 25%. The magnitude and distribution of left ventricular
hypertrophy were assessed in the parasternal short axis view
and confirmed from parasternal long axis and apical views.
The ventricle was divided into four regions: anterior septum,
posterior septum, lateral wall, and posterior walls. Wall
thickness was measured at the level of the mitral valve and
papillary muscles in each of the four myocardial segments.
MLVWT was defined as the greatest thickness in each
segment. Patterns of hypertrophy were defined in accordance
with previously published methods. Left ventricular outflow
tract gradient (LVOTG) was calculated from Doppler velocity
profile by a modified Bernoulli equation, DP = 4V2, where
DP is the instantaneous pressure gradient (mm Hg) and V is
the measured maximum flow velocity (m/s).
End points for the survival analysis were as follows:

N Sudden cardiac death: witnessed sudden death with or
without documented ventricular fibrillation, death within
one hour of new symptoms, or nocturnal death with no
antecedent history of worsening symptoms.

N Progressive heart failure death: death preceded by signs
and symptoms of heart failure or cardiogenic shock.

N Other cardiovascular death: deaths caused by stroke,
pulmonary or systemic embolism, and myocardial infarc-
tion.

N Non-cardiovascular death: deaths caused by known non-
cardiovascular and unknown events.

N Orthotopic heart transplantation.

In patients with an implantable cardioverter-defibrillator
(ICD) the first appropriate shock was coded as an outcome in
the survival analysis.

Data analysis
Statistical analysis was performed with SPSS (version 10.0)
statistical software (SPSS Inc, Chicago, Illinois, USA). All
data are expressed as mean (SD) (range) or frequency (%).
Differences in continuous variables were assessed with
Student’s t test or x2 and Fisher’s exact test for non-
continuous variables. Survival estimates were calculated by
the Kaplan-Meier method and their relation to SI was tested
by log rank. Five year survival values are expressed together
with their 95% confidence interval (CI) defined as survival
¡ 1.96 6 SE. Cox regression analysis was used to investigate
the relation between significant variables and survival.
Receiver operating characteristic curves were constructed by
plotting sensitivity against (1 2 specificity). Values of
p , 0.05 were considered significant.

RESULTS
Baseline evaluation
Table 1 summarises the demographic, clinical, and echocar-
diographic parameters of the 1080 patients at initial evalua-
tion. HCM was diagnosed after presentation with symptoms
in 527 (48.8%) patients and during familial assessment in
268 (24.8%). The diagnosis was an incidental finding in 285
(26.4%) patients. The reasons for referral to the clinic were
clinical management (n = 404, 37.4%); risk stratification
(n = 184, 17.0%); family screening (n = 173, 16.0%);
diagnostic clarification (n = 123, 11.4%); and genetic
counselling or referral for second opinion (n = 196,
18.2%). FS ranged from 9–72%, mean (SD) 42.6 (8.9)%
(fig 1). FS was ( 25% in 26 (2.4%) patients, aged 49 (14)
years (range 18–73 years). Four patients (15.4%) with SI
came from two different families and the other 22 (84.6%)
patients were unrelated. Five (22.7%) of the 22 unrelated
patients had one or more affected family members evaluated
as part of the study cohort.
Severe functional limitation (New York Heart Association

(NYHA) class> III) was reported more often in patients with
SI than in patients with normal systolic function; however,
this difference did not reach significance (p = 0.07). SI was
associated with an increased history of atrial fibrillation
(p = 0.006), larger ventricular cavity dimensions
(p , 0.001), and larger left atrium (p , 0.0001). No patient
with SI had significant resting LVOTG (> 30 mm Hg)
compared with 280 (26.6%) patients with normal systolic
function (p = 0.0005). The mean MLVWT was lower in
patients with SI (18.2 (4.2) mm) than in patients with
normal FS (20.3 (6.1) mm); however, this did not reach
significance (p = 0.07). No patient with SI had severe left
ventricular hypertrophy (> 30 mm) compared with 100
(9.5%) patients with normal systolic function.

Survival
The mean (SD) length of follow up of the 1080 patients was
59 (49) months (range 1–307 months); follow up was
complete (to December 2002) for 95.9% of patients. Forty
three (4.1%) patients could not be traced; these patients had
been seen only once at this institution. During follow up, 108
(10.2%) patients with normal systolic function died, had an
ICD discharge, or underwent cardiac transplantation (sudden
death n = 48, heart failure related death n = 11, cardiac
transplantation n = 6, other cardiac death n = 17, non-
cardiac death n = 22, ICD discharge n = 7) compared with
nine (34.6%) patients with SI (sudden death n = 1, heart
failure n = 3, transplantation n = 2, non-cardiac death
n = 2, ICD discharge n = 1). The five year cumulative
survival from sudden death or ICD discharge was 94.9% (95%
CI 93.2% to 96.6%) in patients with normal systolic function
versus 82.2% (95% CI 57.6% to 100%) in patients with SI
(p = 0.18) (fig 2). The five year cumulative survival rate
from heart failure or cardiac transplantation was 98.6% (95%
CI 97.6% to 99.5%) in patients with preserved systolic
function versus 75.6% (95% CI 50.5% to 96.8%) in patients
with SI (p , 0.0001). The five year cumulative survival rate
from any cause of death, ICD discharge, or cardiac
transplantation was 90.1% (95% CI 87.8% to 92.4%) in
patients with normal systolic function versus 52.4% (95% CI
25.2% to 79.6%) in patients with SI (p , 0.0001) (fig 3).

Results of serial evaluation
Of the 462 patients (390 families) with normal systolic
function who underwent serial echocardiography, 22 (4.8%)
patients (12 men, 10 women aged 41 (15) years) developed
SI. The yearly incidence of SI was 0.87% (95% CI 0.54% to
1.31%). The five year probability of developing SI was 2.0%
(95% CI 0.3% to 3.7%). Table 2 shows the baseline

Systolic impairment in hypertrophic cardiomyopathy 921

www.heartjnl.com



characteristics of patients who developed SI and those with
preserved systolic function. Two of the patients who
progressed to SI were from one family. One further patient
(aged 30 years) who developed SI and subsequently died of
heart failure had an affected family member (aged 46 years)
who also had SI at initial evaluation in our centre but was
followed up elsewhere; she also subsequently died of heart
failure. The remaining 19 (86.4%) patients who developed SI
were unrelated. Five (22.7%) of the 19 unrelated patients had
one or more affected family members with normal systolic
function evaluated as part of the study cohort.
Follow up duration was longer for patients who developed

SI than for patients who maintained normal systolic function
(100 (47) months v 64 (40) months, p = 0.007). In patients
with preserved systolic function at last follow up small but
significant changes in left ventricular morphology occurred.
In these patients FS was reduced by a mean of 1.1 (8.4)%
(p = 0.007) in association with a reduction in MLVWT
(from 20.5 mm to 19.9 mm, p = 0.002), increase in cavity
size (from 43.6 mm to 44.4 mm, p = 0.01 for LVEDD and
from 24.7 mm to 25.7 mm, p , 0.001 for LVESD), increase

Table 1 Baseline characteristics of 1080 patients studied

FS at initial evaluation

p Value.25% (25%

Number of patients 1054 (97.6%) 26 (2.4%) NA
Men/women 643/411 18/9 0.7
Age (years) 42 (15) (16–88) 49 (14) (18–73) 0.03
Age at diagnosis (years) 38 (16) (3–88) 38 (19) (5–73) 0.9
Follow up (months) 59 (49) (0–307) 42 (40) (0–119) 0.04
VF 19 (1.8%) 0 (0.0%) NA
AF 129 (12.2%) 9 (34.6%) 0.006
Exertional chest pain 300 (28.5%) 6 (23.1%) 0.5
NYHA class
I 666 (63.2%) 13 (50.0%) 0.2
II 359 (34.1%) 10 (38.5%) 0.7
III–IV 29 (2.8%) 3 (11.5%) 0.07

Family history of HCM 464 (44.0%) 10 (38.5%) 0.6
Family history of SCD 313 (29.7%) 10 (38.5%) 0.3
Palpitations 272 (25.8%) 9 (34.6%) 0.3
Syncope 158 (15.0%) 5 (19.2%) 0.6
Abnormal BP response 264 (25.0%) 5 (19.2%) 0.7
Non-sustained VT 182 (17.3%) 7 (26.9%) 0.09
Severe LVH 100 (9.5%) 0 0.2
Wigle 4.6 (2.7) (0–10) 2.3 (2.5) (0–8) ,0.0001
MLVWT (mm) 20.3 (6.1) (8–49) 18.2 (4.2) (13–25) 0.07
Pattern
ASH 674 (63.9%) 12 (46.2%) 0.04
Concentric 301 (28.6%) 10 (38.5%) 0.3
Apical 45 (4.3%) 2 (7.7%) 0.3
Other/not measurable 34 (3.2%) 2 (7.7%) NA

LVOTG 280 (26.6%) 0 0.0005
LVEDD (mm) 43.8 (5.8) (24–65) 51.5 (10.6) (32–82) 0.001
LVESD (mm) 24.9 (5.6) (10–45) 41.0 (9.0) (24–61) ,0.0001
FS (%) 43.1 (8.2) (26–72) 20.2 (5.2) (9–25) ,0.0001
LA diameter (mm) 43.0 (7.9) (20–75) 51.3 (9.2) (34–73) ,0.0001
Medication/procedures during follow up
Amiodarone 307 (29.1%) 10 (38.5%) 0.3
b Blocker 427 (40.5%) 6 (23.1%) 0.07
Calcium antagonist 286 (27.1%) 3 (11.5%) 0.8
Disopyramide 116 (11.0%) 1 (3.8%) 0.3
Sotalol 76 (7.2%) 2 (7.7%) 0.7
Diuretic 195 (18.5%) 13 (50.0%) ,0.0001
ACE inhibitor 82 (7.8%) 13 (50.0%) ,0.0001
Pacemaker 95 (9.0%) 3 (11.5%) 0.7
ICD 53 (5.0%) 1 (3.8%) 1
Myectomy/ablation 41 (3.9%) 0 NA

Data are mean (SD (range) or number (%).
ACE, angiotensin converting enzyme; AF, atrial fibrillation; ASH, symmetrical septal hypertrophy; BP, blood
pressure during exercise; FS, fractional shortening; HCM, hypertrophic cardiomyopathy; ICD, implantable
cardioverter-defibrillator; LA, left atrial; LVEDD, left ventricular end diastolic diameter (mm); LVESD, left ventricular
end systolic diameter; LVH, left ventricular hypertrophy; LVOTG, left ventricular outflow tract gradient>30 mm Hg;
MLVWT, maximum left ventricular wall thickness; NA, not applicable; NYHA, New York Heart Association
functional class; SCD, sudden cardiac death; VF, ventricular fibrillation before evaluation; VT, ventricular
tachycardia.
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Figure 1 Fractional shortening at initial evaluation.
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in left atrial size (from 42.9 mm to 45.6 mm, p , 0.001), and
reduction in numbers of patients with significant LVOTG
(from 108 (24.5%) to 89 (19.3%), p = 0.06). In patients who
developed SI there were much larger changes in FS and left
ventricular morphology: there was a mean reduction in FS of
15.8 (7.8)% (p , 0.0001). This was accompanied by a
reduction in MLVWT from 23.4 mm to 17.5 mm
(p , 0.0001) and an increase in left ventricular cavity
dimensions; LVEDD increased from 48.3 mm to 53.6 mm
(p , 0.0001) and LVESD increased from 30.7 mm to
42.4 mm (p , 0.0001). In this group left atrial size also
increased from 45.8 mm to 52.5 mm (p , 0.0001) and no
patient at last follow up had a significant LVOTG.
Of the 22 patients who developed SI during follow up 13

(59.1%) died or underwent cardiac transplantation (sudden
death n = 3, heart failure n = 5, transplantation n = 3,
non-cardiac death n = 2) compared with 38 (8.6%) patients
who maintained normal systolic function (sudden death
n = 16, heart failure related death n = 1, cardiac trans-
plantation n = 3, other cardiac death n = 8, non-cardiac
death n = 10).

Predictors of progression to SI
Progression to SI was unrelated to age at initial evaluation or
to sex. On initial evaluation syncope (p = 0.001), non-
sustained ventricular tachycardia (p = 0.002), and an
abnormal blood pressure responses to exercise (p = 0.001)
were more common in patients who progressed to SI
(table 2). At initial evaluation the proportion of patients
with severe functional limitation (NYHA > III) was similar
in patients who maintained normal systolic function
(n = 13, 2.9%) and in those who developed SI (n = 1,
4.5%) during follow up. At last follow up, the proportion of
patients with severe limitation was significantly higher in
those who developed SI (n = 9, 40.9% v n = 61, 13.8%,
p = 0.001).
Patients who developed SI had a greater MLVWT

(p = 0.04), increased left ventricular cavity size
(p , 0.0001 for LVESD and p , 0.0003 for LVEDD), and
lower FS (p = 0.0002) at initial evaluation than patients

who maintained normal systolic function (table 2). During
follow up there was a greater mean increase in LVESD than
in LVEDD (11.7 (8.0) mm v 5.3 (8.3) mm, respectively,
p , 0.0001) in patients who developed SI. In multivariate
regression analysis based on age, sex, left ventricular wall
thickness, and cavity dimensions, baseline LVESD had the
strongest correlation with progression to SI. An LVESD
> 30 mm predicted progression to SI with a sensitivity of
59.1%, specificity of 81.1%, and accuracy of 80.1%. The odds
ratio for developing SI associated with an LVESD > 30 mm
was 6.2 (95% CI 2.6 to 15.0, p , 0.001).

DISCUSSION
This study shows that severe SI is an uncommon feature of
HCM with an annual incidence of less than 1%. The
discrepancy with earlier studies that have reported a much
higher prevalence of severe left ventricular SI is probably
explained by differences in patient selection.1 3 4 9 10 For
example, fewer than 3% of patients in this study were in
NYHA class III or IV at their initial assessment compared
with 70% in some early studies.1 11

Notwithstanding its rarity, however, progression to SI is
associated with deterioration in functional capacity and a
substantial risk of death from heart failure or requirement for
cardiac transplantation.3

Mechanisms of SI
In dilated or ischaemic cardiomyopathy SI reflects a process
of ventricular remodelling caused by changes at the
molecular and cellular levels leading to changes in the size,
shape, and function of the heart.12 These changes include
ischaemia, necrosis, apoptosis, increased collagen synthesis,
and fibroblast proliferation and are thought to be influenced
by haemodynamic alterations, neurohormonal activation,
oxidative stress, and cytokines.13–15 It is likely that similar
mechanisms apply in HCM, in particular ischaemia and
progressive myocardial fibrosis.16 17 A genetic susceptibility to
the development of SI in HCM has also been suggested by
studies showing a predisposition to systolic dysfunction
within some families. However, even within families carrying
the same mutation there appears to be a significant degree of
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Figure 2 Kaplan-Meier estimates of the proportions of patients
surviving sudden death or implantable cardioverter-defibrillator (ICD)
discharge in relation to systolic function at initial evaluation. FS,
fractional shortening.
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Figure 3 Kaplan-Meier estimates of the proportions of patients
surviving death from all causes, ICD discharge, or transplantation in
relation to systolic function at initial evaluation.
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phenotypic heterogeneity between affected family members
suggesting that other genetic or environmental factors have a
role. More recently evidence has emerged that particular
sarcomeric protein mutations affecting a tropomyosin,
troponin T, and b myosin heavy chain genes may be
responsible for either HCM or dilated cardiomyopathy
phenotypes. The genetic or clinical factors responsible for
this clinical diversity are unknown but differences in the
position of the mutation, energy/signalling pathways, or Ca2+

regulation and handling may be involved.18 19 Mutation data
were not available in this study; however, eight patients from
four families (two members of each family) had SI at
baseline or during follow up. These numbers were two small
to examine linkage; however, we could hypothesise that the
vulnerability of some patients towards SI may reflect the
underlying genotype.

Clinical predictors of SI
Although progression to systolic dysfunction and sympto-
matic heart failure was uncommon in this study most
patients had some evidence of wall thinning and left
ventricular enlargement. This suggests that some degree of
remodelling is inevitable in patients with HCM. In the subset
of patients who had significant wall thinning during follow
up, syncope was the only symptom that was significantly
associated with progression to SI. The explanation for this is
unclear but many of the mechanisms of syncope in patients
with HCM (for example, arrhythmias and abnormal vascular
responses) may be caused or exacerbated by progressive
myocyte loss and myocardial fibrosis. Supporting evidence
for this hypothesis is provided by the association between
progression to SI and the presence of both non-sustained
ventricular tachycardia and abnormal exercise blood pressure
responses at initial evaluation.

Echocardiographic predictors of SI
The lower FS and increased cavity dimensions at initial
evaluation in patients who progressed to SI in this study
imply that the pathophysiological changes that lead to SI
were already underway in these patients. The greater MLVWT
at initial evaluation in patients who progressed to SI suggests
that this cohort is particularly vulnerable to remodelling.
Although the reason for this is unknown we postulate that
patients with increasingly severe left ventricular hypertrophy
may be more prone to subendocardial ischaemia as well as
haemodynamic and neurohormonal changes that may
influence the remodelling process. On multivariate regression
analysis, LVESD had the strongest correlation with progres-
sion to SI; however, the sensitivity, specificity, and positive
predictive accuracy of LVESD for predicting progression to SI
were low.

Limitations
One of the main limitations of our study was in the definition
of SI—that is, FS ( 25%. FS of ( 25%, however, seemed to
identify patients who developed progressive heart failure and
has been used in previous HCM studies as well as in other
conditions such as dilated cardiomyopathy. Furthermore it is
a reliable measurement to compare echocardiograms per-
formed with different machines or technology over a long
period of time. However, we acknowledge that, as many
patients with HCM have hyperdynamic systolic function, this
conventional cut off may have been too low leading to an
underestimate of SI. Systolic function was assessed only at
rest. Recently, systolic dysfunction and regional wall motion
abnormalities have been detected during exercise and
dobutamine stress in patients with HCM and normal
resting left ventricular systolic function.20 In addition, recent
studies with other technologies such as three dimensional

Table 2 Baseline clinical characterisation of patients who underwent serial
echocardiography

FS at last evaluation

p Value.25% (25%

Number of patients 440 (95.2%) 22 (4.8%) NA
Men/women 278/162 12/10 0.4
Age (years) 41 (14) (16–79) 41 (15) (19–71) 0.8
Age at diagnosis (years) 36 (15) (3–78) 35 (17) (11–71) 0.6
Follow up (months) 64 (40) (12–192) 100 (47) (16–193) 0.007
VF 9 (2.0%) 1 (4.5%) NA
AF 67 (15.2%) 6 (27.3%) 0.1
Exertional chest pain 126 (28.6%) 10 (45.5%) 0.07
NYHA class
I 269 (61.0%) 13 (59.1%) 0.2
II 159 (36.1%) 8 (36.4%) 1
III–IV 13 (2.9%) 1 (4.5%) NA

Family history of SCD 134 (30.4%) 8 (36.4%) 0.5
Palpitations 115 (26.1%) 7 (31.8%) 0.3
Syncope 67 (15.2%) 10 (45.5%) 0.001
Abnormal BP response 131 (29.7%) 15 (68.2%) 0.001
Non-sustained VT 91 (20.6%) 11 (50.0%) 0.002
Severe LVH 42 (9.6%) 4 (18.2%) 0.3
Risk factor SD
0 164 (37.2%) 2 (9.1%) NA
1 165 (37.4%) 8 (36.4%) NA
2 89 (20.2%) 6 (27.3%) NA
3 21 (4.8%) 4 (18.2%) NA
4 1 (0.2%) 2 (9.1%) NA
5 1 (0.2%) 0 ,0.0001

LVOTG 108 (24.5%) 3 (13.6%) 0.3
Wigle 4.4 (2.6) (0–10) 5.5 (2.2) (0–10) 0.09
MLVWT (mm) 20.5 (6.1) (8–43) 23.4 (6.0) (14–37) 0.04
LVEDD (mm) 43.6 (5.9) (28–60) 48.3 (6.7) (39–65) 0.0003
LVESD (mm) 24.7 (5.4) (10–43) 30.7 (6.5) (20–45) ,0.0001
FS (%) 43.3 (8.0) (26–72) 36.7 (7.1) (27–48) 0.0002
LA diameter (mm) 42.9 (8.2) (20–72) 45.8 (6.4) (34–57) 0.1

Data are mean (SD (range) or number (%).
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echocardiography and cardiovascular magnetic resonance
have reported a range of wall motion abnormalities in HCM
including abnormalities in circumferential shortening and
rotational components of heart wall motion. At present,
however, only small numbers of patients have been studied
and these techniques are generally restricted to a few
research centres and are not yet of wide scale practical use.
The clinical application of these various abnormalities is
unknown.21–25

Another limitation was that a proportion of the original
study population did not undergo serial evaluation because
they were followed up at their own centres. Nevertheless, to
our knowledge this is the largest consecutive series describing
serial echocardiographic changes in HCM to examine the
incidence and natural history of SI. Lastly, all patients with
documented coronary artery disease were excluded from this
study. However, only patients with typical chest pains or risk
factors for coronary artery disease underwent coronary
arteriography (23% of the patients who progressed to SI); it
is therefore possible that some patients with coronary artery
disease were missed. If this was the case, however, and such
patients were excluded, the incidence of SI in patients with
HCM and normal coronary arteries would have been even
lower than reported.

Conclusions
SI is a rare complication of HCM but when present is
associated with a poor outcome.
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